Background:
Introduction
Serrated histology has been identified as a predictor of incomplete polyp resection. In a prospective evaluation, predictors of incomplete resection included the endoscopist, increased polyp size, and sessile serrated adenoma/ polyp (SSA/P) histology (versus conventional adenoma) 1 . The rate of incomplete resection among sessile serrated lesions overall was 31%, versus 7% in conventional adenomas, and almost half of serrated lesions 10-20mm in size were incompletely resected. However, the methods of polyp resection in that study were incompletely defined.
Serrated lesions (SSA/P and larger hyperplastic polyps) may be incompletely resected because the color of the lesions is similar to the surrounding mucosa, and the edges are indistinct 2, 3 .
Particularly during piecemeal resection, these factors may result in difficulty identifying the perimeter of the lesion and therefore incomplete resection. 4 In this report, we describe the rate of residual polyp when SSA/Ps ≥ 20 mm in size were removed by endoscopic mucosal resection using submucosal injection including a contrast agent to define the perimeter of the lesion.
Methods
We prospectively maintain a database of sessile or flat lesions ≥20 mm in size resected by DKR.
Permission to review this database to determine rates of residual polyp and factors associated with residual polyp was granted by the Institutional Review Board at Indiana University Health.
Inclusion criteria were lesion size at least 20 mm, a pathology report of sessile serrated adenoma or sessile serrated polyp or a conventional adenoma, resection between January 2006 and April 2014, first endoscopic follow-up performed at our institution, and that follow-up included biopsy of the endoscopic mucosal resection (EMR) scar if the scar appeared endoscopically normal or had only clip artifact. 5 The primary end point was the rate of residual polyp detected at the first follow-up by either visual inspection of the polypectomy site and/or histologic sampling of the polypectomy scar.
Procedures were performed with high definition colonoscopes in the Olympus 180 series in most cases, and a few cases were performed with colonoscopes in the 160 or 190 series. The submucosal injection fluid early in the experience was saline or 10% dextrose and later hydroxyethyl starch. A contrast agent was included in all injections. Early in the experience the contrast agent was methylene blue and later indigo carmine. Snare resection was used for the entire polyp whenever possible. Snaring was initiated with stiff 20 to 33 mm diameter snares and sometimes completed using diminutive snares. Very flat portions of the lesions were sometimes snare resected with the assistance of a disposable transparent cap projecting a few mm past the end of the colonoscope (Olympus "distal attachment"; Olympus America Corp.
Center Valley, PA). In these instances a flexible 11 mm snare (Captiflex, Boston Scientific, Natick MA) was placed over the flat tissue, and the tissue was suctioned partly or fully into cap, followed by snare closure until the tissue was felt in the snare (this was done "blindly" if the tissue was fully suctioned into the cap), followed by release of suction and then snare 6 transection. Only after the potential for snare resection had been exhausted was ablation by argon plasma coagulation (APC) considered. APC was used focally to treat points on the perimeter and/or base of the EMR defect whenever there was any definite residual lesion (by analysis of pit patterns) that had defied snaring, or when there was any potential residual tissue (e.g. an uneven cut on the EMR edge or elevated points in the EMR base were often treated with APC even when no residual lesion pits were identifiable).
The first follow-up examination was performed 4-6 months after the EMR. Endoscopically identifiable polyp was removed by snare resection and sent for histologic evaluation, followed by APC of the perimeter of the snaring defect. Normal-appearing scars, or scars with only clip artifact, were subjected to systematic cold forceps biopsy of the entire length of the scar 4 .
Statistical analyses
Descriptive information for the patients, polyps, and polypectomy techniques is presented with percentages for categorical variables and mean and standard deviations for continuous variables.
Rates of residual polyp after EMR of sessile serrated polyps and conventional adenomas were 7 compared using Fisher's exact test. A logistic regression analysis was performed to assess size, location, polyp pathology, resection type (piecemeal vs. en bloc), and use of APC on the presence of residual polyp at the first follow-up examination. We present odds ratios with 95% confidence intervals. All analyses were performed with the statistical software SPSS Version #22 (IBM, New York, NY).
Results
There were 362 patients (196 males, 54.1%) with 397 lesions (351 conventional adenomas and 46 SSA/Ps) that satisfied the inclusion criteria. Four of the SSA/Ps had cytological dysplasia reported. There were 10 additional lesions ≥ 20 mm in size interpreted by the pathologists as hyperplastic polyps which had followup at our center that included biopsies of the EMR site.
One of these 10 lesions had endoscopically visible polyp on the EMR site at follow-up (confirmed by biopsy), 9 had no visible polyp and negative biopsies, and all 10 were excluded from the current analysis. 8 Residual polyp at the first follow-up after EMR was identified in 43 cases (10.8%), of which 32 cases (71%) were evident endoscopically, and 12 (29%) were identified only by cold biopsy of an endoscopically normal appearing EMR scar. Residual polyp was identified in 4 of the 46 SSA/Ps (8.7%) vs. 39 of 351 conventional adenomas (11.1%; p=0.8). SSA/Ps were more likely to be resected en bloc and less likely to require adjunctive treatment with APC (Table 1) .
In univariate analyses, only size (p = 0.02) predicted residual polyp at follow-up ( Table 2 ).
There were no significant differences in the age or sex of patients whose EMR sites had or did not have residual polyp. Logistic regression accounting for location, shape, and histology (Table   3 ) indicated that size alone predicted the presence of residual polyp at follow-up (OR 1.04; 95% CI 1.01, 1.06).
Discussion
In this study we demonstrate that rates of residual polyp at first follow-up after EMR of large SSA/Ps are similar to those after EMR of large conventional adenomas. All of the EMRs in this study were performed by a single endoscopist, but this is a potential advantage in understanding 9 rates of residual polyp after serrated resection given recent evidence that the endoscopist is a predictor of complete resection (1). The overall rates of residual polyp detected at first follow-up in this study are comparable to the lowest rates reported in EMR studies 5, 6 . These data indicate that submucosal injection with a contrast agent combined with use of a high definition scope and an aggressive attempt at complete lesion snaring, followed by thermal destruction by APC of any definite residual lesion that escaped snaring (visible polyp glands) as well as frequent APC of potential residual lesion (mildly uneven points of the EMR defect edge or base were often treated by APC), is one technical approach that allows high rates of complete resection of large SSA/Ps. Two previous studies specifically examined cure rates at follow-up of SSA/Ps 5, 7 . Only one of the two studies included a control group of conventional adenomas 5 , and only one utilized EMR for resection 7 . The current study is the only study to utilize both EMR and high definition examination and add forceps biopsy to maximize identification of residual polyp. Cold biopsy forceps have been shown in multiple studies to maximize detection of residual polyp 4, 8 . We found that SSA/Ps, though of equal or numerically larger mean size than conventional adenomas, were more likely to be resected en bloc and less likely to receive any adjunctive APC compared to conventional adenomas. A previous study of EMRs of large sessile colorectal lesions also found that SSA/Ps were more often resected en bloc compared to conventional adenomas 9 .
Anecdotally, our impression is that SSA/Ps develop a more dome like shape with submucosal injection, and that stiff snares tend to slide less during closure onto SSA/Ps. In any case, in a multivariate analysis SSA/P histology did not predict a higher rate of recurrence after accounting for en bloc vs. piecemeal resection.
Our study has several limitations. First, the study was retrospective and subject to selection bias.
However, the database we used to ascertain cases was prospectively assembled without reference to this study. Also we used well defined criteria (EMR with follow-up at our institution including biopsies of EMR scars) to identify all eligible cases. These methods should minimize selection bias. Second, the number of SSA/Ps in the study was small (n = 46) and there was an imbalance between the numbers of SSA/Ps and conventional adenomas, limiting the study power to assess factors such as lesion shape and location on recurrence rates, as well as technical factors such as piecemeal resection and use of ablation. Next, we used APC commonly at the end of the snaring phase of EMR, including cases where there were no endoscopically visible retained polyp glands but the edge or base of the EMR defect was uneven, and the contribution 11 of APC to eradication of either the SSA/Ps or the conventional adenomas is uncertain. Despite that, APC was used more often in the conventional adenomas than the SSA/Ps, suggesting that submucosal injection with a contrast agent and snare resection is as effective in SSA/Ps as in conventional adenomas. Next, we used the routine pathology reports to include SSA/Ps and exclude large hyperplastic polyps, though there is substantial interobserver variation in this designation by pathologists [10] [11] [12] . However, the recurrence rate in EMR sites of the 10 large hyperplastic polyps we excluded was 10%, and inclusion of some or all of these lesions in the SSA/P group would not have changed the study conclusion. Finally, the results shown here reflect colonoscopy by a single experienced operator and may not be generalizable.
In summary, we found that EMR of large SSA/Ps performed with a submucosal contrast agent and high definition colonoscope leads to high endoscopic cure rates at first follow-up that are comparable to those achieved with conventional adenomas. Endoscopists should not hesitate to undertake EMR of large SSA/Ps because of concerns identified in previous studies that SSA/Ps are associated with a high risk of incomplete resection. 
